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Declaration of inventorship (Rules 4.17(iv) and 51toy.l(a)(iv)) 
for the purposes of the designation of the United States of America: 

I hereby declare that I believe I am the original, first and sole (if only one inventor is listed below) or joint (if more than one inventor 
is listed below) inventor of the subject matter which is claimed and for which a patent is sought 

This declaration is directed to the international application of which it forms a part (if filing declaration with application). 

This declaration is directed to international application No. PCT/ (if furnishing declaration pursuant 

to Rule 26fer). 

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name. 

I hereby state that I have reviewed and understand the contents of the above-identified international application, including the claims 
of said application. I have identified in the request of said application, in compliance with PCT Rule 4. 1 0, any claim to foreign pnority, 
and I have identified below, under the heading "Prior Applications," by application number, country or Member of the World Trade 
Organization, day, month and year of filing, any application for a patent or inventor's certificate filed in a country other than the United 
States of America,'including any PCT international application designating at least one country other than the United States of America, 
having a filing date before that of the application on which foreign priority is claimed. 

Prior Applications: .Filing.Date: 3th. January 2002 . 7Kpplication.No: .GB0200369-7 .(Our.Ref; IP/P2995) 

I hereby acknowledge the duty to disclose information that is known by me to be material to patentability as defined by 
37 C.F.R- § 1 .56, including for continuation-in-part applications, material information which became available between the filing date 
of the prior application and the PCT international filing date of the continuation-in-part application. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 



Name: LOWERY Brett Robert 

Residence: *^.*W?PP. 

(city and either US state, if applicable, or country) 

w kaa QINETIQ LIMITED, Cody Technology Park 
Mailing Address: • ? • ■ • 

Ively Road, Famborough, Hampshire, GU14 0LX 



Citizenship: .9?. .• i J " 

Inventor's Signature: &&&Chrr<*1^b Date: 3/^/. ??3 ...... . . . . . . . ... 

(if not contained in the request, or if declaration's corrected or (of signature which is not contained in the request, or ot the 

added under Rule 26ter after the filing of the international declaration that is corrected or added under Rule 26ter after the 

application. The signature must be that of the inventor, not that of filing of the international application) 
the agent) 

PACKARD Thomas James (Dr) 



Name 

United Kingdom 



Residence: .T.'VrtT .V'.".^™".'.' fy- 

(city and either US state, if applicable, or country) t - X? ^ 

w A ., - DST1 .. Chertsoy , Chobham Lane, Chortooy - hS-V- , f 0?fy>* ..Apf/.^ 

Mailing Address: *. • 

Suoayv-KPf6-0EE- ^aM^^^Y. 



Inventor's Signature: . . . Date 

(if not contained in the request, or if declaration is corrected or (of signature which is not contained in the request, or ot the 

added under Rule 26ter after the filing of the international declaration that is corrected or added under Rule 26ter after the 

application. The signature must be that of the inventor, not that of filing of the international application) 
the agent) 
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1. fx] The applicant is heretjy notified that he: Interna 

Filing of amendments and statement under 

The applicant is entitled, if he so wishes, to am 

When? The time limit for filing such amendmt 
International Search Report; however 

Where? Directly to the International Bureau 
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For more detailed instructions, see the note; 
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I Shortly after 18 months from the priority date, the fr 
I if the applicant wishes to avoid or postpone public 
priority daim, must reach the International Bureai 
completion of the technical preparations for intern* 

Within 19 months from the priority date, a demand 1 
wishes to postpone the entry into the national pha 

Within 20 months from the priority date, the appitca 
before all designated Offices which have not bee 
priority date or could not be elected because they 
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i elected in the demand or in a 
are not bound by Chapter II. 
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tal Application (see Rule 46): 
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he international application, or of the 
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These Notes are intended to give the basic instruction is 
Notes are based on the requirements of the Patent Coo|»rat 
under that Treaty. In case of discrepancy between these 
detailed information, see also the PCT Applicant's Guidi , 



concerning the filing of — . 
^ration Treaty, the Regulation! i 
Notes and those requirements 
>, a publication ofWIPO. 



In these Notes, "Artide\ "Rule", and "Section" refer t<|> meproviaions of the PCT, the 
Administrative Instructions respectively. 



INSTRUCTIONS CONCERNING AMENDMENTS UMDER ARTICLE 19 



The applicant has, after having received the 
international application. It should however be 
description and drawings) may be amended during the 
no need to file amendments of the claims under Article 
for the purposes of provisional protection or has another 
Furthermore, it should be emphasized that provisional 



international search report, one opportunity 
emphasii ed that, since all parts of the 

i nternational preliminary examination 
19 except where, e.g. the r 

reason for amending the claims 
p ^taction ts available in some ~ 



What parts 



of the International application may be 
Under Article 19, only the claims may br 



claims 



During the international phase, the 
the International Preliminary Examining 
Article 34 before the International 



Exam ning 



may also be amended (or 
Authority. The description and 
Authority. 



Upon entry into the national phase, all parts of the international application may be amended under Article 2B 
or, where applicable. Article 41 . 



When? 



f transrr ittal 



Within 2 months from the date of 
date, whichever time limit expires later, 
as having been received on time if they 
applicable time limit but before the completion 
(Rule 46.1). 



Where not to file the amendments? 



The amendments may only be filed with 
International Searching Authority (Rule 



How? 



A replacement sheet must be submitted 
amendments, differs from the sheet ori{ in ally 



AH the claims appearing on a replacement 
cancelled, no renumbering of the other 
be renumbered consecutively (Administrative 



The letter w» not be published with the 
confused with the "Statement under 



The letter must be In English or French 
International application Is English, 
rs French, the letter must be In 



amendments under article 1 9. The 

and the Administrative Instructions 
the latter are applicable. For more 



PCT Regulations and the PCT 



to amend the claims of the 
international application (claims, 
procedure, there is usually 
it wants the latter to be published 
before international pbidication. 
as only. 



Sate 



amended. 



further 



amended) under Article 34 before 
drawings may only be amended under 



of the international search 
t should be noted, however, 
are received by the International 
of the technical 



J preparations 



Where a demand for international preliminary examination has been/is filed, see below. 



Either by cancelling one or more entire claims, by adding one or more now claims or by amending the text of 
one or more of the claims as filed. 



sheet must be numbered in 
i ilaims is required. In afl cases 
Instructions, 



.Section 205 b)) 



The amendments must be made In the language In which the inter national application Is to be published. 



must/may accompany the amend nkents? 
Letter (Section 205(b)): 
The amendments must be submitted 



a letter. 

ntemabooal application and the 
Article 1 9(1 )" (see below, under "I 



i, at the choice of the 
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neport or 1 6 months from the priority 
that the amendments will be considered 
Bureau after the expiration of the 
for international publication 



the International Bureau and r ot with the receiving Office or the 

16.2). 



for each sheet of the claims which, on account of an amendment or 
filed. 



Arabic numerals. Where a daim is 
< >rhere claims are renumbered, they must 



amended claims. It should not be 
Statement under Article 19(1)"). 



However, If the language of the 
f the language of the 
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particular, indicate, in connection with 
that identical indication* concerning 



I >etween the claims as filed and 
ej ten claim appearing in the inter lationai 
several claims may be grouped) .whether 



(i) the claim is unchangc d; 

fii) the claim is cancelled ; 

Cni) the claim is new; 

(iv) the claim replaces 

(v) the claim is the result 



The following examples Illustrate the 
accompany big letter: 



manner In which 



1. (Where originaRy there were 48 dairps 
'Claims 1 to 29, 31 , 32, 34, 35, 37 
claims 30, 33 and 36 unchanged; i 



2 



i claims 



[Where originally there were 1 5 
"Claims 1 to 15 replaced by amended 



(Where originally there were 14 
new claims]: 

"Claims 1 to 6 and 14 unchanged; 
"Claims 7 to 13 cancelled: new clamhe 



claims there are 11]: 

claims and the amendments consist in cancelling some claims and in adding 
canceled; new claims 1 5, 16 and 17 added." or 
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Consequence with regard to translation of the Interr atlonal application for entry 
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I search 



rnts on the international 
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must preferably, at the same 
men amendments with the 



the fact thai, where upon entry into 
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claim* as filed. 



For further details on the requirements < if each designateoYelected Office, see Volume II of the PCT Applicant s 
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application (it being understood 
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In the 



i claims there are 51]: 
i bearing the same numbers; 



14, 15 and 16 replaced by amended 
i lew claims 20 and 21 added." 



by a statement explaining the amendments and indicating any impact 
descnption and the drawings ( 



international application and the amended ctaima. 
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English. 

the dffsrences between the claims 
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report or the relevance of citations 
i, contained in the international search 
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International Preliminary Examining 



I nto the national phase 
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designated/elected Offices, instead of, or 
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he International Bureau. 
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desicrned 



A mineplough (1) which is 
comprises one or more blades 
of movement of the plough so as; 
sides of the plough and having 
ahead of the blade in the 
means for controlling the depth 
linkages to connect the blade 
mineplough. The blade is compri 
strong metal plates (2a-2j,-3a- 
to the direction of travel of 
narrow open channels 
explosion caused by a mine 
The blade may be faced with a 
to absorb some of the force of 
provided by the fact that each 
element (8) capable of absorbing 



S«!t 



direction 



t:o 



therebetween 



to be resilient to exploding mines 
at an angle to the general direction 
to deflect lifted earth to one or both 
tines (5b-5j) arranged so as to lift earth 
of travel thereof, depth control 
of cut of the tines and at least two 
a suitable carrier vehicle for the 
sfced of a number of intersecting 
•id) whose planes lie substantially parallel 
the mineplough and which define relatively 
so as to allow venting of any 
in contact with the blade. 
Relatively thin metal or plastics sheet (7) 
any explosion and further protection is 
linkage contains at least one crushable 
blast energy. 



exploding 
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(57) Abstract: A mineplough (1) which is designed to be resilient to exploding mines comprises one or more blades set at an angle 
to the general direction of movement of the plough so as to deflect lifted earth to one or both sides of the plough and having tines 
(5b- 5j) arranged so as to lift earth ahead of the blade in the direction of travel thereof, depth control means for controlling the depth of 
cut of the tines and at least two linkages to connect the blade to a suitable carrier vehicle for the mineplough. The blade is comprised 
of a number of intersecting strong metal plates (2a-2j; 3a-3d) whose planes lie substantially parallel to the direction of travel of the 
mineplough and which define relatively narrow open channels therebetween so as to allow venting of any explosion caused by a 
mine exploding in contact with the blade. The blade may be faced with a relatively thin metal or plastics sheet (7) to absorb some 
of the force of any explosion and further protection is provided by the fact that each linkage contains at least one crushable element 
(8) capable of absorbing blast energy. 
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Mineploueh 



The present invention relates to a novel form of blade for a mineplough. 

A mineplough may be defined as the apparatus fitted to a (preferably robust) 
vehicle so as to create a system for effecting clearance of a path through a minefield. 
In particular this mode of mine clearance is appropriate for use in a wartime situation 
where a rapid clearance of anti-tank mines is operationally vital because it is 
recognised that, in these circumstances, some damage is likely to be sustained by at 
least the mineplough part of the system. 

The main mechanical components of a mineplough are: 



i) a blade which comprises: 

a) tines which are teeth mounted on the blade and which cut into 
the ground so as to lift the earth and any buried mines; and 

b) the mouldboard which is the part of the blade that pushes the 
lifted earth and mines to the side of the vehicle path to clear a 
lane for following traffic; 

ii) a linkage system which is the mechanism connecting the plough to 
the carrier vehicle; and 

iii) a depth control system, the function of which is to try and ensure 
that the tines maintain a constant depth of cut. It usually comprises 
ground following skids which react against the vertical forces 
produced during ploughing. 



In clearing a path through a major minefield it is recognised that upto 5 mines 
in total may have to be cleared and if, for example, these are fitted with anti- 
disturbance fuzing, this may mean upto 5 mines exploding during the clearing 
operation. To achieve a speedy clearance it is desirable that only one mineplough be 
actually involved in the operation but with current designs of mineplough it is not 
possible to attain the level of robustness which is required to achieve this. 





WO 03/058152 



PCT/GB02/05937 



2 



It is therefore a primary objective of the invention to provide a mineplough 
which is sufficiently robust to withstand the blast from one or more typical anti-tank 
mines and yet continue to operate fully effectively. 

The particular areas of weakness of current designs lie in the blade itself and 
most particularly in the linkage between the blade and the carrier vehicle. 
Accordingly the present invention seeks to provide a mineplough having both a blade 
and a linkage system which are more resilient towards high shock loadings that can be 
created by a mine exploding against any part of the mineplough. The invention 
therefore provides a mineplough which comprises at least one blade element which is 
set at an angle to the general direction of movement of the plough so as to deflect 
lifted earth to one or both sides of the plough, tines attached to each said blade 
element so as to lift earth ahead of that blade element in the direction of travel thereof, 
depth control means for controlling the depth of cut of the tines and at least two 
linkages for connecting the mineplough to a suitable carrier vehicle therefor, 
characterised in that each blade element is comprised of a plurality of intersecting 
plates whose planes lie substantially parallel to the said direction of travel and which 
define open channels therebetween and further characterised in that the linkages each 
contain at least one crushable element capable of absorbing blast shock. 

By providing a generally open structure to the mouldboard, the soil and other 
blast products which are thrown up by a mine exploding ahead of or on contact with a 
tine are vented through the blade to a high degree thus lowering the loading on the 
connecting linkage in particular. Further by providing a structure with considerable 
depth perpendicular to the blade face, the blade is extremely strong and this, coupled 
with the relatively small surface area which is presented to blast products by the edges 
of the intersecting plates, means that the blade structure is highly resistant to damage. 
Typically the depth of the blade in the direction of its travel will be of the order of 



The blade channels defined by the intersecting plates should be relatively 
narrow such that in operation the channels will tend to clog up with soil and hence 
ploughing action will be maintained. In any event the channels should be of such 
dimensions as to ensure that any anti-tank mine will be unable to pass through the 



150 mm. 
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blade. Advantageously, however, the vented blade structure is faced on its front 
surface with a relatively weak covering plate which will act as a normal mouldboard 
during ploughing but at the same time is able to absorb some of the blast effect should 
a mine explode adjacent to the blade. However, the covering plate should only be of 
such strength that it will fail, at least locally, without causing sufficient resistance to 
the blast as to allow damage to be caused elsewhere in the system (and particularly to 
the linkage). Although even a first blast may thus cause a substantial disruption to 
the covering plate (mouldboard) this is likely only to be within an area adjacent to the 
seat of the explosion and the protective effect of the plate is unlikely to be totally lost 
even after a number of mines have exploded. Apart from that, as mentioned earlier, 
even where some of the blade channels through the blade structure have become 
exposed through degradation of the covering plate, it is likely that, in operation, they 
will block up with soil and thus a degree of blast resistance will remain even with 
those channels (as well of course for those areas of the blade which remain protected 
by undamaged portions of the covering plate). 

Advantageously, the structure of the blade comprises a plurality of plates 
disposed in a substantially vertical arrangement and a further set of plates intersecting 
these and arranged in a substantially horizontal manner. The spacing of the plates in 
both dimensions should be such as to ensure that no mine which is likely to be 
encountered will pass through any of the channels defined by the sets of plates and 
also such as to ensure that the blade has a sufficient overall strength, while being at 
the same time sufficiently far apart that the blast venting effect of the blade structure 
of the invention is maintained. When the plates are arranged in this manner a further 
advantage of the blade structure of this invention can be achieved by arranging that 
the tines are formed by an extension of the vertical plates of the blade structure and 
are thus integral with the rest of the blade. This gives the tines additional strength and 
resistance to disruption. 

Preferably the tines are further strengthened by providing them with bracing 
pieces which are attached between pairs of adjacent tines. Such bracing members 
should be relatively thin in the direction of travel of the blade so as to present little or 
no interference to the blade ploughing action. For the same reason, it is also preferred 
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that the bracing members be set back from the front edges of the tines to which they 
are attached. 

The two sets of intersecting plates described above may conveniently each 
have co-operating slots provided in them so that, to assemble a blade element, the 
respective plates are simply slid together to interlock. The plates are then welded 
together along the length of each intersection using a large section fillet weld 
(typically 20mm). 

The mineplough may comprise either a single angled blade element or may 
comprise two blade elements forming a V-shaped blade overall, depending on the size 
of clearance path required, the nature and effective power of the carrying vehicle 
used, the nature of the terrain etc. 

The linkage of the mineplough of this invention has a crushable element which 
acts to absorb some of the forces which would otherwise be transmitted from the 
blade through the linkage to the carrier vehicle and which could otherwise cause the 
linkage to fail. In particular the pins (termed the "boom arm pins") which allow for 
motion of the blade at an angle to the direction of travel are likely to suffer from high 
levels of stress if the blade is subject to a mine exploding at close range and this could 
cause the pins to fail in shear. 

The crushable element suitably comprises a series of substantially U-shaped 
channel members located ahead of the boom arm pins in the direction of travel of the 
blade (ie. between the blade and the boom arm pins which the members are intended 
to protect). The channel members are designed to crush under a loading which is 
below the shear strength of the boom arm pins. For additional resilience and to 
achieve better lateral stability of the blade, two sets of channel members could be 
provided, one of which sets is positioned vertically and the other set of channel 
members positioned horizontally with respect to the blade. In an alternative 
arrangement, the channel members could be replaced with a series of short tubes 
designed to crumple under a shock load and so to act as energy absorbers and it will 
be readily apparent to the skilled addressee that other means of providing the desired 
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resilience in the linkage system can be contemplated and are to be understood as 
falling within the scope of the invention. 

The invention will now be further described with reference to the 
accompanying drawings in which: 

Figure 1 is a three dimensional view of a single angled mineplough blade 
according to the invention; 

Figure 2 is a similar view of the same blade as shown in Figure 1 , but having a 
covering plate (mouldboard) attached; and 

Figure 3 is a plan view of the same blade as shown in Figure 1 looking from 
the underside of the blade and showing in more detail a part of the linkage to the 
carrier vehicle. 

In Figure 1 there is shown a mineplough 1 which comprises a set of 9 vertical 
plates (2a to 2j) and a further set of four horizontally-disposed plates (3a - 3d) 
constituting the mouldboard. It can be seen that all but one of the vertical plates are 
extended downwards and forwards of the blade to form a series of tines, 5b - 5j. The 
plates are conveniently made from steel, for example, Rolled Quenched Tempered 
(RQT) 701 (a product of Corns Ltd) or a Rolled Homogeneous Armour material. In 
the case of RQT701 a suitable thickness will be of the order of 20mm for the 
horizontal plates and 25mm for the vertical plates. Three connecting members 6a, 6b, 
6c are attached generally at the rear of the blade for connecting it to the linkage (not 
shown). (It will be noted that the horizontal plates to which these connecting 
members are attached are extended outwards towards the connecting members in 
order to strengthen the plates in the area where the two are connected). A U-shaped 
channel member 8 is shown generally associated with the connecting member 6c. 

In Figure 2 there is shown the same blade as in Figure 1 except that the front 
face of the blade is now covered with a thin facing plate 7. This plate may be made 
from steel of 4mm thickness or may comprise a plate of 5 or 10mm thickness of high 
density polyethylene but it will be readily appreciated that the materials to be used 
will be dependent to some degree on the size of the openings in the blade structure 
and on the strength of the linkages among other factors. 
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Figure 3 shows in greater detail the linkage arrangements of the blade shown 
in Figures 1 and 2 and the same parts are identified by use of the same numerals as for 
those Figures. In this drawing the lower ends of vertically-disposed U-shaped 
channel members 8 associated with both of the connecting members 6b and 6c are 
shown. Each channel member comprises two channel pieces, 8a and 8b, of which one 
is housed within the other and provides support once the outer pieces have distorted 
under a shock load. In this way the channel members can successfully absorb the 
blast energy from two mines exploding against the blade and protect the linkages 
from damage. 
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Claims 



1. A mineplough which comprises at least one blade element which is set at an angle 
to the general direction of movement of the plough so as to deflect lifted earth to 
one or both sides of the plough, each said blade element having tines arranged so 
as to lift earth ahead of that blade element in the direction of travel thereof, depth 
control means for controlling the depth of cut of the tines and at least two linkages 
to connect the mineplough to a suitable carrier vehicle therefor, characterised in 
that each blade element is comprised of a number of intersecting plates whose 
planes lie substantially parallel to the said direction of travel and which define 
open channels therebetween and further characterised in that each of the linkages 
contains at least one crushable element capable of absorbing blast energy. 

2. A mineplough as claimed in claim 1 wherein the intersecting plates comprise a 
first set of plates arranged substantially in the vertical plane and a second set of 
plates arranged substantially at right angles to the first set. 

3. A mineplough as claimed in claim 1 or claim 2 wherein the open channels between 
the plates are of smaller dimension than any mine which the plough is intended to 



4. A mineplough as claimed in any of claims 1 to 3 wherein the open channels have 
a minimum dimension of the order of 150mm. 

5. A mineplough as claimed in any of claims 1 to 4 wherein the front face of the 
blade is covered with a relatively weak material. 

6. A mineplough as claimed in claim 5 wherein the relatively weak material is 
comprised of a thin sheet of metal or a plastics material. 

7. A mineplough as claimed in claim 2 or in any of claims 3 to 6 when dependent on 
claim 2, wherein the vertically-disposed plates are extended generally downwards 
and forwards of the blade to form the tines. 



clear. 
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8. A mineplough as claimed in claim 7 wherein at least some pairs of adjacent tines 
are connected together by substantially horizontally disposed bracing members to 
effect reinforcement of those tines. 

9. A mineplough as claimed in any preceding claim wherein the at least one 
crushable element comprises a substantially U-shaped channel member 
associated with each linkage and arranged so as to absorb any shock transmitted 
to it by at least partially collapsing. 

10. A mineplough as claimed in claim 9 wherein the channel member comprises two 
separate U-shaped channel pieces arranged such that one lies within the other and 
becomes effective to absorb shock only once the outer piece has been deformed. 



A mineplough substantially as herein described and with reference to the 
accompanying drawings. 
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MINEPLOUGH 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a novel form of blade for a mineplough. 

2. Discussion of Prior Art 

A mineplough may be defined as the apparatus fitted to a (preferably robust) 
vehicle so as to create a system for effecting clearance of a path through a minefield. 
In particular this mode of mine clearance is appropriate for use in a wartime situation 
where a rapid clearance of anti-tank mines is operationally vital because it is 
recognised that, in these circumstances, some damage is likely to be sustained by at 
least the mineplough part of the system. 

The main mechanical components of a mineplough are: 

i) a blade which comprises: 

a) tines which are teeth mounted on the blade and which cut into 
the ground so as to lift the earth and any buried mines; and 

b) the mouldboard which is the part of the blade that pushes the 
lifted earth and mines to the side of the vehicle path to clear a 
lane for following traffic; 

ii) a linkage system which is the mechanism connecting the plough to 
the carrier vehicle; and 

iii) a depth control system, the function of which is to try and ensure 
that the tines maintain a constant depth of cut. It usually comprises 
ground following skids which react against the vertical forces 
produced during ploughing. 
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In clearing a path through a major minefield it is recognised that up to 5 mines 
in total may have to be cleared and if, for example, these are fitted with anti- 
disturbance fuzing, this may mean up to 5 mines exploding during the clearing 
operation. To achieve a speedy clearance it is desirable that only one mineplough be 
actually involved in the operation but with current designs of mineplough it is not 
possible to attain the level of robustness which is required to achieve this. 

SUMMARY OF THE INVENTION 

It is therefore a primary objective of the invention to provide a mineplough 
which is sufficiently robust to withstand the blast from one or more typical anti-tank 
mines and yet continue to operate fully effectively. 

The particular areas of weakness of current designs lie in the blade itself and 
most particularly in the linkage between the blade and the carrier vehicle. 
Accordingly the present invention seeks to provide a mineplough having both a blade 
and a linkage system which are more resilient towards high shock loadings that can be 
created by a mine exploding against any part of the mineplough. The invention 
therefore provides a mineplough which comprises at least one blade element which is 
set at an angle to the general direction of movement of the plough so as to deflect 
lifted earth to one or both sides of the plough, tines attached to each said blade 
element so as to lift earth ahead of that blade element in the direction of travel thereof, 
depth control means for controlling the depth of cut of the tines and at least two 
linkages for connecting the mineplough to a suitable carrier vehicle therefor, 
characterised in that each blade element is comprised of a plurality of intersecting 
plates whose planes lie substantially parallel to the said direction of travel and which 
define open channels therebetween and further characterised in that the linkages each 
contain at least one crushable element capable of absorbing blast shock. 

By providing a generally open structure to the mouldboard, the soil and other 
blast products which are thrown up by a mine exploding ahead of or on contact with a 
tine are vented through the blade to a high degree thus lowering the loading on the 
connecting linkage in particular. Further by providing a structure with considerable 
depth perpendicular to the blade face, the blade is extremely strong and this, coupled 
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with the relatively small surface area which is presented to blast products by the edges 
of the intersecting plates, means that the blade structure is highly resistant to damage. 
Typically the depth of the blade in the direction of its travel will be of the order of 
1 50 mm. 

The blade channels defined by the intersecting plates should be relatively 
narrow such that in operation the channels will tend to clog up with soil and hence 
ploughing action will be maintained. In any event the channels should be of such 
dimensions as to ensure that any anti-tank mine will be unable to pass through the 
blade. Advantageously, however, the vented blade structure is faced on its front 
surface with a relatively weak covering plate which will act as a normal mouldboard 
during ploughing but at the same time is able to absorb some of the blast effect should 
a mine explode adjacent to the blade. However, the covering plate should only be of 
such strength that it will fail, at least locally, without causing sufficient resistance to 
the blast as to allow damage to be caused elsewhere in the system (and particularly to 
the linkage). Although even a first blast may thus cause a substantial disruption to 
the covering plate (mouldboard) this is likely only to be within an area adjacent to the 
seat of the explosion and the protective effect of the plate is unlikely to be totally lost 
even after a number of mines have exploded. Apart from that, as mentioned earlier, 
even where some of the blade channels through the blade structure have become 
exposed through degradation of the covering plate, it is likely that, in operation, they 
will block up with soil and thus a degree of blast resistance will remain even with 
those channels (as well of course for those areas of the blade which remain protected 
by undamaged portions of the covering plate). 

Advantageously, the structure of the blade comprises a plurality of plates 
disposed in a substantially vertical arrangement and a further set of plates intersecting 
these and arranged in a substantially horizontal manner. The spacing of the plates in 
both dimensions should be such as to ensure that no mine which is likely to be 
encountered will pass through any of the channels defined by the sets of plates and 
also such as to ensure that the blade has a sufficient overall strength, while being at 
the same time sufficiently far apart that the blast venting effect of the blade structure 
of the invention is maintained. When the plates are arranged in this manner a further 
advantage of the blade structure of this invention can be achieved by arranging that 
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the tines are formed by an extension of the vertical plates of the blade structure and 
are thus integral with the rest of the blade. This gives the tines additional strength and 
resistance to disruption. 

Preferably the tines are further strengthened by providing them with bracing 
pieces which are attached between pairs of adjacent tines. Such bracing members 
should be relatively thin in the direction of travel of the blade so as to present little or 
no interference to the blade ploughing action. For the same reason, it is also preferred 
that the bracing members be set back from the front edges of the tines to which they 
are attached. 

The two sets of intersecting plates described above may conveniently each 
have co-operating slots provided in them so that, to assemble a blade element, the 
respective plates are simply slid together to interlock. The plates are then welded 
together along the length of each intersection using a large section fillet weld 
(typically 20mm). 

The mineplough may comprise either a single angled blade element or may 
comprise two blade elements forming a V-shaped blade overall, depending on the size 
of clearance path required, the nature and effective power of the carrying vehicle 
used, the nature of the terrain etc. 

The linkage of the mineplough of this invention has a crushable element which 
acts to absorb some of the forces which would otherwise be transmitted from the 
blade through the linkage to the carrier vehicle and which could otherwise cause the 
linkage to fail. In particular the pins (termed the "boom arm pins") which allow for 
motion of the blade at an angle to the direction of travel are likely to suffer from high 
levels of stress if the blade is subject to a mine exploding at close range and this could 
cause the pins to fail in shear. 

The crushable element suitably comprises a series of substantially U-shaped 
channel members located ahead of the boom arm pins in the direction of travel of the 
blade (i.e. between the blade and the boom arm pins which the members are intended 
to protect). The channel members are designed to crush under a loading which is 
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below the shear strength of the boom arm pins. For additional resilience and to 
achieve better lateral stability of the blade, two sets of channel members could be 
provided, one of which sets is positioned vertically and the other set of channel 
members positioned horizontally with respect to the blade. In an alternative 
arrangement, the channel members could be replaced with a series of short tubes 
designed to crumple under a shock load and so to act as energy absorbers and it will 
be readily apparent to the skilled addressee that other means of providing the desired 
resilience in the linkage system can be contemplated and are to be understood as 
falling within the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be further described with reference to the 
accompanying drawings in which: 

Figure 1 is a three dimensional view of a single angled mineplough blade 
according to the invention; 

Figure 2 is a similar view of the same blade as shown in Figure 1, but having a 
covering plate (mouldboard) attached; and 

Figure 3 is a plan view of the same blade as shown in Figure 1 looking from 
the underside of the blade and showing in more detail a part of the linkage to the 
carrier vehicle. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In Figure 1 there is shown a mineplough 1 which comprises a set of 9 vertical 
plates (2a to 2j) and a further set of four horizontally-disposed plates (3a - 3d) 
constituting the mouldboard. It can be seen that all but one of the vertical plates are 
extended downwards and forwards of the blade to form a series of tines, 5b - 5j. The 
plates are conveniently made from steel, for example, Rolled Quenched Tempered 
(RQT) 701 (a product of Corus Ltd) or a Rolled Homogeneous Armour material. In 
the case of RQT701 a suitable thickness will be of the order of 20mm for the 
horizontal plates and 25mm for the vertical plates. Three connecting members 6a, 6b, 
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6c are attached generally at the rear of the blade for connecting it to the linkage (not 
shown). (It will be noted that the horizontal plates to which these connecting 
members are attached are extended outwards towards the connecting members in 
order to strengthen the plates in the area where the two are connected). A U-shaped 
channel member 8 is shown generally associated with the connecting member 6c. 

In Figure 2 there is shown the same blade as in Figure 1 except that the front 
face of the blade is now covered with a thin facing plate 7. This plate may be made 
from steel of 4mm thickness or may comprise a plate of 5 or 10mm thickness of high 
density polyethylene but it will be readily appreciated that the materials to be used 
will be dependent to some degree on the size of the openings in the blade structure 
and on the strength of the linkages among other factors. 

Figure 3 shows in greater detail the linkage arrangements of the blade shown 
in Figures 1 and 2 and the same parts are identified by use of the same numerals as for 
those Figures. In this drawing the lower ends of vertically-disposed U-shaped 
channel members 8 associated with both of the connecting members 6b and 6c are 
shown. Each channel member comprises two channel pieces, 8a and 8b, of which one 
is housed within the other and provides support once the outer pieces have distorted 
under a shock load. In this way the channel members can successfully absorb the 
blast energy from two mines exploding against the blade and protect the linkages 
from damage. 
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